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I. Introduction

In recent years, there has been growing concern over the
possible adverse impacts that fresh water diversions from the

Delta may have on the ecosystems of San Francisco Bay. Before

considering management approaches to protect San Francisco Bay, it

is necessary to quantify the extent of the changes in fresh water
inflow that has occurred and is projected to occur under present

water development scenarios.

This report analyzes the changes in annual, seasonal and
monthly Delta outflow characteristics between unimpaired
conditions, which are taken as representative of natural
conditions% existing water development conditions; and
future conditions, assumiﬁg full development of the State Water
Project as projected by the California Department of Water
Resources (DWR). The Delta outflows analyzed in this report are
those computed by DWR in its opefational studies and reflect all
water management in the basin, including the Central Valley

Project and the State Water Project.
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II. Conclusions

If water diversions are kept to their present level, there
will continue to be a major reduction in average annual
Delta outflow from unimpaired conditions amounting to 48%.
In the one-in-ten wet year, the reduction is 35%, and in the

one-in-ten dry year, the reduction is 68%.

If the level of water development projected by DWR for
future conditions is implemented, the reduction in average
annual Delta outflow will be 59%, further decreasing outflow
22% below present levels. In the one-in-ten wet year, the
reduction will be 45%, and in the one-in-ten dry year, the

reduction will be 79%.

The seasonal reductions in spring and summer are greater
than the annual reductions. For existing conditions the
average spring reduction is 60%, and in the one-in-ten dry
year, it is approximately an 86% reduction. The average

summer reduction is 58%.

Analysis of the frequency of Delta outflows shows that

the median unimpaired or natural Delta outflow that once
occurred every other year now only occurs on an average
every 6 years. Large Delta outflows that formerly occurred

once in 10 years now occur less frequently than 100 years.



L.

[Su—

The effect on the frequency of spring flows has been even
more significant. Low spring Delta outflows that formerly

occurred once in 10 years now occur in 75% of all years.

Future water development will further increase the frequency
of low flows and decrease the frequency of occurrence of

high flows.
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ITI. Background and Methodology

The amount and timing of freshwater discharge into the San
Francisco Bay Estuary from the Sacramento-San Joaquin Delta have
a significant effect on the ecosystems and physical character of
the Bay. Freshwater flows have been substantially modified in
the last century by reservoir storage, releases, diversions,
groundwater pumping, inter-basin transfers, reclamation levees,

and changes in land use.

Unfortunately it is extremely difficult Eo measure Delta
outflow directly at the western end of the Delta, because tidal
flows are usually significantly larger than freshwater outflow.
Therefore Delta outflows have to be calculated by adding the
river flows into the Delta and subtracting the diversions and

evapotranspiration within the Delta.

For its operational studies of the California Aqueduct the
Department of Water Resources has analyzed the monthly
"unimpaired" flows for the 1922 to 83 water years, computing what
the monthly Delta outflow would have been in those years if no
dams or diversions had taken place (DWR 1987). This is done by
adjusting the measured river flows to compensate for upstream
modifications. The term "unimpaired" is used rather than
"natural” because the computation assumes that the existing river
and levee system is in place. This was because it was difficult

to estimate flows in the natural system primarily due to four

effects:
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1. Groundwater discharges to the Sacramento and San
Joaquin Rivers. In the natural state this flow could
be large. It would have been relatively constant from
year to year and would most likely add to Delta ouflow

in the summer.

23 Evapotranspiration loss from Central Valley wetlands.
This would also be fairly constant from year to year

and would subtract from Delta outflow in the summer.

3. Flood storage in Central Valley wetlands. This would
tend to delay runoff from winter to later spring and
early summer in all except dry years (Division of Water

Resources Bulletin 27).

4, Overflow from Tulare Lake Basin. This would have
tended to have increased Delta ouflow during the spring

of wet years.

The deg result of using "unimpairéd“ instead of "natural"”
Delta outflows would appear to underestimate the spring outflow.
Consequently, this analysis is somewhat conservative in analyzing
flow reductions. The effect on summer outflow is less clear.
Because no flow reconstructions have yet been carried out of the
natural hydrology of the Central Valley, DWR's "unimpaired" flows
were used for the purpose of this analysis as representing

undisturbed conditions. These flows are shown in Table 1.

As part of its operational analysis for estimated State

Water Project water deliveries, DWR has evaluated various future
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scenarios of water development (DWR Feb. 1985) and has computed
monthly Delta outflows for these scenarios assuming a repetition
of its hydrologic base period, 1922 to 1978. In its computations

DWR assumes the Delta outflow requirements of D1485 are in place.

This report analyzes Delta outflows computed by DWR for two
of its scenarios referred to as:

- Existina Conditions. This is DWR's "1985 scenario" and

represents the water projects and water management
conditions that are in place today. It assumes that
the Suisun Marsh facilities have been completed. The
"1985 scenario" assumes a 2.4 million acre target
delivery for the State Water Project. For 1987, State
Water contractors' requests.for deliveries were 2.7
million acre-ft (DWR 1986). However, while it appears
that this scenario underestimates SWP exports, it is
the scenario that most closely represents present water
management conditions. The Delta outflows are shown in

Table 2.

- Future Conditions. This is based on DWR's "2020B

scenario" and represents the effects on Delta outflow
of completing all facilities DWR assumes necessary to
fully develop the State Water Project. The scenario
assumes: expansion of the Delta pumping plant,
completion of the North Bay Aqueduct, water deliveries
to the North Delta Water Agency, increasing the size of
the East and West Branch of the Aqueduct, a cross-Delta

water transfer facility, addition of the Coastal Branch
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of the Aqueduct, construction of Los Banos Grandes

Reservoir, enlargement of the San Luis Canal,

and seven

million acre feet of new reservoir storage in the

Central Valley. The resulting Delta outflows are shown

in Table 3.
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V. Results

Comparison of the annual spring and summer Delta outflow for
the existing conditions water management scenario and the future
conditions scenario for the 1922-78 base period is shown in
Figures 1, 2, and 3. It can be seen that there is a significant
depletion of Delta outflow which is most marked in the spring and
summer. This is illustrated in Figures 4 through 9, showing the
percent reduction in Delta outflow for the two sceharios plotted
against the percent of the average annual unimpaired Delta
outflow for that particular year. These show that the flows are
reduced 30-90%, with most extreme reductions occurring in the
spring of average and below-normal years. Figure 10 shows the
percent reduction of annual flows of future conditions from

existing conditions.

Computed Unimpaired Delta outflow is used as the index of
wetness rather than the 4 River index, as there is some scatter
introduced by significant inflows from the San Joaquin and Delta
rivers. In addition, the 4 River index terminology "wet," "dry.,"
and "critical“ is misleading, as it tends to categorize a large
number of vears as "wet". The relationship between unimpaired
Delta outflow and 4 River index is shown in Figure 1ll. It can be
seen that thé "step" method of designating year type based on the
Four River index is only a crude indicator of Delta outflow

conditions.




The statistical distribution of annual, spring, and summer
Delta outflow for each of the scenarios is shown in Figures 12,
13, and 14. It can be seen that flows of the magnitude of the
median unimpaired annual flow (the median flow is one that is
exceeded 50% of the time, or has a return frequency of 2 years)
under existing conditions only occur 17% of the time, or every 6
years, and under future conditions will only occur 12% of the

time, or every 8 years.

The changes in the spring flow are more marked, with flows
of the magnitude of the median now only occurring every 10 years.
While high Delta outflow years become less frequent, low Delta
outflow years become more frequent. This is illustrated in the
change in annual flow frequency. High annual flows that formerly
occurred once in 10 years now occur less than once in 100 years.
Low annual flows that formerly occurred once in 10 years now

occur 55% of the time.

A summary of the Delta outflow statistics and their changes

is shown in Table 4.

Another useful plot is to compare the changes due to water
development in each month. This is shown in Figures 15, 16, and
17 for an artificially constructed hydrograph for the average
median, average 10th percentile dry, and average 90th percentile
wet yvears. It can be seen that there are substantial changes in
median and dry years, and in the spring of wet years.

Essentially, almost all flows in excess of D1485 and carriage
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water requirements are diverted in drier-than-average years, and

substantial amounts are diverted in the spring of wet years.

10
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TABLE 3 -— FULUKE
©YEAR O OCT NDY
1922 154,00  187.0
1923 178.3  229.2
1924 134.0 1670
1923 154, 167.90
1926 1540 17,0
1927 154.0 76.2
1928 156.0  358.2
1929 184.0  187.0
1930 134.0  167.0
1931 134.0 167.0
1932 1540 187.0
1933 154.¢ 167.0
1934 134.¢  187.0
1935 134.0 167.C
1936 1540 167.0
1937 1550 167.0
1938 1540 478.7
1939 462.0  174.4
1940 1540 167.0
1941 154.0  167.0
1942 400.8  2B3.0
1943 861.5 3788
1944 154.0 1670
1943 1540  167.0
1946 1540 279.7
1947 154.0  167.0
1948 1540 167.0
1949 154.0  167.0
1930 1540 187.0
1931 154.0  2258.4
1952 154.0  3%6.4
1933 796.2  180.0
1994 3519 324.2
1955 154.0  147.0
1956 1540 167.0
1957 793.4  147.0
1938 210.9  230.4
1959 651.1 167.0
1960  154.0  167.0
1961 154.0  167.0
1962 134.0  147.0
1963 1245.7  147.0
1964 154.0  433.5
1965 154.0  147.0
1964 154.0 $35.3
1967 154.0  187.1
1968 B44.0  173.8
1969 154.0  187.0
1970 652,37  317.2
1971 1540  7%4.0
1972 2341 180.0
1973 154.0  4BB.%
1974 154.0  2834.5
1975 406.2 2233
1976 497.3  347.3
1977 1540 167.0
197 1540 187.0
AVE 260.6  322.1

DELLIA UULFLUW (LAL) LUVLUD OULLINAKLUY
DEC JAN FEE NAR APR MY
46E.3 360.35  2338.8 334.7 399.2  1958.8
2350.9  123E6.! 408.8 327.0 B7%.8 6340
172.0 20°.0 3151 283.0 240.0 228.0
172.¢ 209.0  210Ce.! 327.0  350.7  B433
1720 209.0 1913.0  327.0  39%.0  3BA.D
220.7 BSZ.8 53131 1540.5 1BBT.Y  1214.4
312.3 470.6 995.3  5128.3 870.7  ACL.0
172.0 209.¢ 336,90 283.0 52,5 226.0
172.¢ 592.% 460.5 14141 399.¢  3RALO
172.0 209.0 235.0 2E3.0  24C.0  228.0
5.3 615.4 485.3 27.0 384 A
172.0 20%.¢ 235.0 263.0 228,60 224.0
172.0 288.5 255.¢ 283.0 250,00 225.0
172.0  120¢.: 2350 976.1  1683.7  B68.S
172.0 12451 3363.0 915.7 39%.2 788.0
172.0 209.0 2033.0 2481.9 39¢.¢ 733.4
1844.6  1010.2 4918.5 7413.2 3328.5 3B18.4
172.0  209.0 ° 432.2  3B2.2  3BA.0  236.0
172.0 937.9 1950.0 5085.7 3140.2  7B3.0
1999,7  5330.9  6652.6 5547.4  4463.2  2055.6
3310.6 4738.3 7607.6 10BE.1 27BS.6 2217.%
1132.&6  A711.7 291,00 5071.0 1286.0  B94.0
172.0  209.0 1356.1 590.8  399.0  3Bs.O
223.3  209.0 2534.4 1132.3  399.0  &34.0
2730.9  2103.3 38i.3 593.9 399.0  78B8.0
12,0 209.0  606.4 B3s.4  399.0  3Bs.O
172.0  209.0  265.0  327.0  408.5° 127:.8
1722,0  20%.0  255.0 1950.5  399.0  427.9
172.0 918.5  1223.7 502.6 399.0 785.7
4893.6  3223.% 2703.3  1418.4 399.0  948.8
2525.8  4923.1 4157.6 3B879.8 J631.0 4148.4
2147.9 57427 BY%.4 B44.2  6059.5 13B3.4
172.0 1094.5 271%.7 2554.3 1948.5  788.0
479.0  71B.9  233.0  327.0  399.6  3B&.0
§650.3 9483.2 4402.7 1439.2  403.4 2748.0
172.0  209.0 1434,2 2353.2  399.0 B340
977.7 2007.7 9B824.4 b785.0 8122.1 2B02.4
172.0 1410.7 2726.6  530.5  399.0  3Bs.0
172.0  209.0 1217.8 883.9  399.0  40i.0
172.0 209.9 936.5  372.7  399.0  3Bs.O
172.0  209.0 1B&1.%  743.9 399.0  454.0
S24.6  551.7 JA55.8B  1117.B  3739.9 18327
172.0  693.8  285.0  327.0  399.0  3Bs.0
4686.1 60S6.6 1102.4  327.7 2310.2 1008.1
420.5 1289.3 1032.9 1037.2 399.0 401.0
1425.6 3331.7 2713.0  3148.1 3092.3 313B.3
327.0  1448.0  3463.7  1733.1 399.0  401.0
bB6.6  4758.9 7105.4 2B73.6 2739.6 4141.3
2850.7 1236B.0 4518.4 18%0.2 399.0 401.0
3834.7 2435.4  B3L.6  2421.9  491.] 1510.8
588.0  J%0.8  975.1 12629  399.0  401.0
969.0 4953.3 5040.9  3405.3 490.6  788.1
3962.5 7810.7  2140.6  4649.5 3740.7 1329.9
472.3 2B8.9  3762.9  5294.3 899.5 1667.9
205.4 209.0 265.0 282.0 240.0  225.0
172.9 209.0  255.0  2B3.0 2140  221.0
172.0  3179.0 2459.8 3477.1 3003.1 1002.8
989.8 1939.8 21929 1842.9 116b.6  1047.2

JUN

959.4
3£5.0
184.0
637.0
294.9
833.0
36%.0
1e8.0
33%.0
1683.0
339.9
184.0
184.0
637.C
637.0
963.0
2456.4
184.0
637.0
833.0
1383.1
833.0
294.0
963.0
637.0
2940
640.2
294.0
563.0
389.0
2228.0
1122.3
637.0
294.0
1180.8
365.0
1945.2
294.0
353.0
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565.0
B33.0
294.0
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353.0
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333.0
1580. 1
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875.
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B833.
B33.
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“w o o o o
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Jut
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400.0
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473.0
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615.0
339.0
1B4.C
2B%.0
184,
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184.0
184.5
473.0
473.0

AUG

243.0
219.¢
168.0
243.0
189.0
263.0
243.0
168.0
215.0
168.0
219.¢
168.0
168.0

0

na7
LT

243.0
215.0
253.0
168.0
263.0
263.0
263.0
263.0
189.0
21%.0
243.0
189.0
243.0
189.90
215.0
283.0
263.0
263.0
243.0
189.0
263.0
219.0
263.0
189.0
219.0
189.0
219.0
253.0
189.0
263.0
219.0
263.0
219.0
283.0
263.0
263.0
21%.0
263.0
263.0
243.0
168.0
168.0
243.0

226.9

SEF

149.¢
149.0
149.0
149.0
1490
149.0
145,0
149.0
149.5
14¢.0
145, ¢
14.0
149.0
149.¢
149.¢
1429
149.5
149.6
149.9
1490
145.0
149.0
149.0
149.0
149.0
149.0
149.0
145.0
149.0
149.0
394.6
149.0
145.0

149.0

149.0
149.0
173.4
149.0
149.0
149.0
149.0
149.0
149.0
149.0
149.0
352.1
149.0
394.5
149.0
149.0
149.0
149.0
164.5
223.7
145.0
149.0
149.0
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10T

9003,
7422.
2451
6031,
43587.
13521,
9791i.
248E.
4761,
2391.
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2377
2852,
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8708,
7712
Th4453,
3151,
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28948,
24841.
1B48E.
4293.
6833.
8932,
3789.8
4483.3
4594.4
5355
17161.8
27316.9
14736.8
11455,
3945.9
95855.4
7694.8
319816
7322.9
4613.7
3656.2
5493.8
14295.2
3912.3
17672.1
6399.2
21177.2
9797.4
27497.0
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14538.5
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18149.8
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2360.0
15674.8

- e O N

L]

. .
N O O O ~D &= O = O (4 In N D P D o= OO = O

11243.5



Table 4

SUMMARY OF DELTA OUTFLOW CHANGES

Percent Reduction

———— ———— — —— — . o ——

Delta OQutflow MAF

Natural Existing Future Existing Future

Period Unimpaired 1985 2020B 1985 2020B
{(Annual 27.08 14,21 1124 48 59
Average (Spring 11.99 4.85 4,06 60 66
(Summer 3.83 1:53 1.32 60 66
One in (Annual 11.60 3.64 2.48 68 79
(Spring 5.68 0.83 0.75 85 87
Ten Dry (Summer Lg21 0.78 0.54 36 56
One in (Annual 48,30 31.40 26.60 35 45
(Spring 19,87 11.32 10.15 43 49
Ten Wet (Summer ¥ o) 2.69 2,30 63 68

Corrected 5/14
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